Introduction
Eukaryotic genomes are characterized by the variable proportions of highly repetitive DNA families that they contain. These usually correspond to regions of constitutive heterochromatin that are revealed by C-banding (John, 1988) . Other banding methods prove that these sequences are homogenized when they occupy identical chromosome distribution within a given complement (equilocality) and are different in distinct chromosome domains (heterogeneity) (King & John, 1980; Greilhuber & Loidl, 1983; Schweizer et aL, 1983; Bella et al., 1986) .
Acridoid grasshoppers are a well-known example where constitutive heterochromatin is present in the *Correspondence form of prominent centromeric or distal blocks (Hewitt, 1979) . However, much less is known about the molecular organization of these regions compared with other plant and animal species.
There are a few examples where in situ hybridization has enabled the localization of particular families of highly repetitive DNA sequences in grasshoppers (Brown & Wilmore, 1974; Arnold et al., 1986; John et al., 1986; López-León et al., 1994) . Dociostaurus genei is a grasshopper which displays a complex polymorphism of distal supernumerary segments (Rodriguez Inigo et al., 1993) besides the characteristic pericentromeric C-bands present in every chromosome. We have shown that both kinds of heterochromatin differ not only in location but also in composition. Although both are AT rich, as revealed by DAPI staining, the centromeric hetero- Probes were amplified by PCR under standard conditions (Sambrook et al., 1989) and radiolabelled with 32P-dCTP by random priming (Feinberg & Vogelstein, 1983) . Filters were prehybridized for 2 h with 5 x SSPE, 5 x Denhardt's solution, 0.5 per cent SDS and 100 jig mL' denatured salmon sperm DNA at hybridization temperature (65°C). The radiolabelled denatured probe was added and hybridization performed at 65°C for 16 h. The filters were washed twice in 2 x SSPE, 0.1 per cent SDS; then once in 1 x SSPE, 0.1 per cent SDS; and then once in 0.1 x SSPE, 0.1 per cent SDS. All washes were performed for 15 mm at 65 °C. Finally they were exposed to X-ray film at -80°C for 1-25 h. recA. Recombinant clones were selected using standard protocols (Sambrook et a!., 1989) . Minipreparations of DNA from eight of the recombinant colonies from each ligation were made following Sambrook et a!. (1989) .
DNA sequencing
Sequencing was performed by the chain termination method (Sanger et at., 1977) Fig. 2 , show clear differences between the DgA3 and DgT2 genomic organization. The former shows the typical ladder pattern in the digestions of some enzymes which is indicative of a tandemly arranged repetitive DNA family (Fig. 2a) .
The results are in accordance with the restriction map obtained for the DgA3 sequence (Fig. la) DNA blot hybridization using DgT2 as a probe (Fig. 2b) shows a pattern of fragments that are in agreement with the restriction map obtained from the DgT2 sequence (Fig. ib) . Despite the fact that DgT2 lacks the DraI target, other clones obtained from DNA digestions with TaqI do contain it (data not shown). This would explain the band obtained when the DgT2 clone is hybridized with DraI digestions. Furthermore, DgT2 shows doublets in the TaqI lane separated by about 50 bp and is thus in accordance with its restriction map (Fig. ib) . Treatments with REs that lacked cleavage sites in pDg T2 (EcoRI, AluI, PvuII) yielded hybridization signals in regions of high molecular weight. However, Sau3AI digests show an intense hybridization band (289 bp) despite not possessing the Sau3AI target.
The differences found in nucleotide sequence and genomic organization between the two clones and their possible relation with different heterochromatic regions was tested by in situ hybridization.
In situ hybridization (FISH)
Probes from the DgA3 and DgT2 clones were labelled and hybridized to mitotic chromosomes of D. genei. The DgT2 sequence is localized in the centromere region of each chromosome where constitutive heterochromatin is sited (Fig. 3b) . The size of the hybridization fits well with the size of the corresponding C-bands and is similar in size among the distinct members of the complement (compare Figs 3a and b) . These results suggest that this sequence is a representative of the family which mainly forms those regions of constitutive heterochromatin.
The DgA3, in turn, hybridizes with the distal regions of some autosomes (Fig. 3c) . In this case there are visible differences in the size of the hybrid- Figs 3a and c) . Moreover, this correspondence also affects those cases where the segment is present in only one of the homologues.
Interestingly, hybridization of this probe in the distal tips of some of the longer autosomes is also visible although these chromosomes do not show prominent C-bands in that region. These results clearly indicate that the DgA3 probe is a representative of the family of the highly repetitive DNA family which is the major component of the supernumerary segments.
Moreover, the analysis of the hybridization in telophase nuclei also shows the different location of both sequences and the Rabi polarization of the chromosomes (Fig. 4) .
Discussion
The sequence analysis of representatives of repeated DNA families in D. genei has allowed the characterization of two of them. The in situ localization of probes from these sequences has confirmed that they must represent distinct families. Particularly, they occupy two distinct chromosome domains of constitutive heterochromatin: DgA3 is the major constituent of the distal supernumerary segments of the majority of the autosomes, and DgT2 is a major component of the centromeric heterochromatin of every chromosome.
These results confirm previous analyses based on the cytogenetic characterization of the constitutive heterochromatin of this species (Rodriguez Ifligo et al., 1993) . Both regions show bright fluorescence Fig. 3 Mitotic metaphases of Dociostaurus genei after (a) C-banding, and in situ hybridization of probes from (b) DgT2 and (c) DgA3 sequences. The comparison between the C-banding pattern, which includes centromeric bands in every chromosome and distal supernumerary segments in some autosomes, and the localization of each hybridization reveals the correspondence of a particular sequence with a distinct heterochromatic chromosome domain. The DgT2 probe hybridizes with the centromere regions whereas the DgA3 probe is located exclusively in the distal regions of some autosomes. Thus, the chromosome regions occupied by the centromeric heterochromatin and the supernumerary segments are digested by TaqI and AluI endonucleases, respectively (Rodriguez Inigo et al., 1993) , and the sequences (DgT2 and DgA3) come from prominent bands of DNA digestions with these same enzymes (Fig. 1) .
These sequences are sequestered in two distinct and compartmentalized chromosome domains of constitutive heterochromatin. This chromosome location concords with two properties defined for the heterochromatin in other organisms: heterogeneity and equilocality (John, 1988) .
Thus, a particular chromosome domain (centromere region and distal supernumerary segments in the case of D. genei) shows homogeneous composition among the members of the chromosome complement. On the other hand, the composition of both kinds of heterochromatic regions is clearly different. Moreover, as they represent two distinct families of repetitive DNA, the origin and evolution of these sequences agree with models based on the spatial organization of chromosomes in the nuclei (Schweizer & Loidl, 1987; Schweizer et a!., 1987) . The Rabl polarization which predicts the colocalization of the centromeres throughout the mitotic cycle
The Genetical Society of Great Britain, Heredity, 76, 70-76. is a powerful model by which the heterochromatin transfer between homologous and nonhomologous chromosomes may occur (see Fig. 4 ). In the same way, the proximity of heterochromatic DNA in the early meiosis ('bouquet polarization') may provide a cytological basis for the molecular processes which are responsible for the maintenance of satellite DNA sequence homogeneity between equilocal groups of C-bands on both homologous and nonhomologous chromosomes.
The distal regions of acrotelocentric chromosomes would occupy the opposite domain to that of the centromeres within nuclei (Fig. 4) . The differences in size of the distal blocks present in most of the autosomes of D. genei may also reflect the origin and evolution of this component of the constitutive heterochromatin. Schweizer & Loidl (1987) suggested that the heterochromatin transfer between equilocal regions of a complement should occur between nonhomologues of similar size. In D. genei it is reasonable to suppose that this process would have originated in the smaller members of the complement, and then in a sequential fashion the supernumerary material would invade increasingly longer chromosomes. Thus one finds at present that the supernumerary segments are bigger in the shorter chromosomes and decrease in size in longer chromosomes. In fact, in situ hybridization shows that the sequence representative of these segments is also present in the longest chromosome pairs where no supernumerary segments or prominent C-bands are detected (compare Figs 3a and c) . Supernumerary heterochromatic segments have been defined in terms of a portion of heterochromatin which is amplified and that is clearly dispensable as the organism can develop normally in its absence (John, 1983) . Thus the supernumerary segments of D. genei are a tenable example of sequences that originate and accumulate by an efficient mechanism of amplification. The 'infective process' has reached most of the autosomes and, as supposed for parasitic DNA sequences, seems to elude the selective forces against its incorporation and maintenance.
